Ribosomal subunits prepared by NH4Cl dissociation (0.5 M) of the monomeric ribosomes were much less active in in vitro protein synthesis than those prepared by KCI Ribosomal proteins have been studied in bacterial (14, 21) and mammalian (3, 25) 
teins (L2 and LI as shown by gel electrophoresis) within the 60S ribosomal subunits. Subunits prepared with 0.3 M NH4Cl retained L and L, but the activity remained low. Incubation of these 60S subunits in TKM buffer (50 mM tris [pH 7.5], 20 mM KCI, and 5 mM MgC12) for 20 min at 37 C restored the activity almost to the level of those obtained by KCI dissociation. Treatment of the 0.3 M NH4C-derived 60S subunits with a protein reagent, Procion brilliant blue, prior to extraction of the ribosomal proteins resulted in the loss of L2 and L9, showing that these proteins were made accessible for dye binding. These observations suggest that a considerable degree of unfolding of the 60S subunit occurs at 0.3 M NH4Cl (this apparently leads to a preferential detachment of L and L, at 0.5 M NH4C1) and that the activity of the purified subunits depends not only on the presence of L2 and L but also on the organization of these proteins within the 60S subunits.
Ribosomal proteins have been studied in bacterial (14, 21) and mammalian (3, 25) systems. Bacterial ribosomes have been extensively characterized relative to the total number of proteins associated with each subunit (13) , molecular weights of individual proteins (4), order of assembly in formation of active subunits (22) , and function of certain proteins (2, 14) . Much (5) (6) (7) 10) . Two-dimensional acrylamide gel fractionation has been utilized in the study of cytoplasmic and chloroplast ribosomes of wheat (12) .
In a previous report, we noted that free or run-off 80S ribosomes (N2 gas derived) could be dissociated into biologi-'This research was supported by a contract from the Atomic Energy Commission, AT (15) . Free or "run-off" 80S monoribosomes were prepared from root tips (terminal 0.5-cm segment) of anaerobically treated seedlings (16) . Details of salt washing of monoribosomes, monoribosome dissociation, and preparation of ribosomal subunits were as previously described (17) .
Poly(U)-directed Phenylalanine Incorporation Studies. The 0.5-ml reaction mixture for in vitro amino acid incorporation contained 50 (Table II) .
Ribosomal Proteins of KCl-and NH4CI-derived Subunits. The relationship of ribosome activity relative to specific ribosomal proteins in bacterial systems is well established (2, 14) . Since individual ribosomal proteins have specific functions, at least in bacterial systems, possible regulation of ribosome activity through alteration in the ribosomal proteins was considered. To determine whether the decline in ribosome activity associated with NH,C1 dissociation or the absence of Mg2+ from the dissociation medium was related to changes in specific ribosomal proteins, the distribution of ribosomal proteins was studied in subunits derived under varying salt and Mg2+ conditions. Proteins were extracted with 67% acetic acid (9) or 4 M LiCl-8 M urea (6) and fractionated on 15% acrylamide gels. Since acetic acid extraction produced better resolution (data not shown) all subsequent studies utilized this method. Populations of ribosomal proteins from KCl-washed 80S monomeric ribosomes, K40S subunits, and K60S subunits with or without Mg2+ in the dissociation buffer are shown in Figure 1 and Figure 2 (A, C, and E). Proteins from 80S Table II . In Vitro Phentylalaniline Isicorporationl by Cornbi,iationi of Pea Ribosomal Subunlits Subunits were derived by 0.5 M KCl dissociation in the presence and absence of 5 mM MgCl2. The reaction mixture was incubated at 37 C for 10 min; 0.6 A260 unit of 40S, 1.2 A260 unit of 60S and 10,600 cpm of '4C-phenylalanyl-tRNA were used per assay. K+40S and K+60S: KCl-derived subunits in the presence of MgCI2; K-40S and K-60S: KCl-derived subunits in the absence of MgCI2. 
> (-) ribosomes were resolved into more than 30 distinct bands, whereas proteins extracted from K40S and K60S subunits were resolved into 17 and 26 bands, respectively. Dissociation of monoribosomes in the absence of Mg2`results in 40S "subunits" practically devoid of protein complement. In a previous report (17) , 40S subunits prepared in the absence of Mg`were shown to sediment significantly slower on sucrose gradients. The detachment of the ribosomal proteins is sufficient to account for both the lowered sedimentation rate and the loss in in vitro poly(U)-directed phenylalanine incorporation. Since maximum in vitro activity was obtained with subunits derived by 0.5 M KCl-dissociation (in the presence of Mg2+), these profiles were used as a basis of comparison in the following studies. Electrophoretic patterns of proteins extracted from 0.5 M NH4Cl-washed monomeric ribosomes and 0.5 M NH4Cl-derived subunits are shown in Figure 1 and Figure 2 (B, D, and F). NH4Cl-washed 80S monoribosomes lacked one specific protein and showed decreased amounts of two others (as indicated by arrows). Dissociation of the monoribosomes into subunits further showed that the proteins in question are components of the large subunits; L9 and a portion of L, and L" are selectively detached from the large subunit by NHCI (0.5 M). No significant differences were noted in gel patterns between 40S subunits prepared by KCI and NH,Cl dissociation ( Fig. 1 and Fig. 2, C activity relative to KCI-dissociated subunits (Table III) . The recombination experiments with hybrid ribosomes (K40S + N60S and N40S + K60S) showed that the defect resided in the N60S ribosomal subunits as the findings with higher NH4Cl-dissociated subunits (0.5 M). Electrophoretic analyses of the complement of ribosomal proteins extracted from 0.3 M NH4Cl-dissociated 60S subunits (Fig. 3C versus Fig. 2F) showed that the proteins selectively detached at the higher salt concentration (0.5 M NH4CI), i.e. L9 and a portion of L2 and L3 were still present in normal amounts. No major differences were detected in low and high salt-dissociated 40S subunits (data not shown).
Heating of 0.3 M NH4Cl-derived 60S subunits (37 C for 20 min) prior to assay completely reversed the low salt inactivation (Table III) . Incubation at 37 C did not restore in vitro activity of the 0.5 M NH4Cl-derived 60S subunits (Table III) . These results, taken together with the differential effect of low and high salt (0.3 M NH4Cl) vs. 0.5 M NH4CI) on the complement of 60S subunit proteins suggest that a conformational change of the large subunit occurs in response to low salt dissociation, followed by eventual detachment of specific proteins as the salt concentration is increased.
To test further for the possibility of a salt-induced conformational change, 60S subunits were incubated with Procion brilliant blue according to the method of Hultin (11) . If a conformational change does occur in response to NH4CJ, then one would expect specific proteins to become accessible for dye binding. Results of these experiments are presented in Figure  3 . Electrophoretograms of ribosomal proteins from 0.5 M KClderived 60S subunits are identical whether or not the subunits were incubated with dye (Fig. 3, A versus B) , indicating that KC1 dissociation does not effect a conformational change (i.e. no proteins were rendered accessible to dye binding). However, when 0.3 M NH4Cl-derived subunits were reacted with Procion brilliant blue followed by protein extraction, protein L" (and a portion of L2) was not present in the acetic acid extract showing that they were accessible to dye (Fig. 3, C  versus D) . These results suggest that the inactivation of 60S subunits induced by NH4Cl-dissociation is the consequence of a conformational change involving these proteins followed by tion is increased.
DISCUSSION
There have been several attempts to characterize plant ribosomal proteins (5-7, 10, 12) . These have dealt primarily with comparative studies of whole protein complements from cytoplasmic and either chloroplast or mitochondrial ribosomes. Studies concerning the regulation of plant ribosome activity by specific ribosomal proteins have not been reported. This communication considers the role of at least one specific ribosomal protein in regulating ribosome activity.
In mammalian systems ribosomal subunits active in in vitro protein synthesis are prepared in most instances by KCI dissociation of polyribosomes (8) or "run-off' monoribosomes (19) . The former requires the presence of Mg2`in the dissociation medium, while the latter does not. In procaryotic systems active subunits are typically prepared either by NHCl dissociation or by lowering the Mg2`concentration in the dissociation medium.
Ribosome subunits prepared by KCI dissociation of free or "run-off" pea monoribosomes were active in in vitro poly(U)-directed phenylalanine incorporation only when Mg2`was included in the dissociation buffer. A comparison of onedimensional acrylamide gel profiles of ribosomal proteins extracted from KCl-derived subunits showed that the loss of biological activity resulting from the absence of Mg2`in the dissociation medium related to the loss of a substantial portion of the ribosomal protein complement.
Ammonium chloride dissociation of plant monoribosomes produced ribosomal subunits which upon recombination were inactive in in vitro protein synthesis; however, the N40S subunit was active in aminoacyl-tRNA binding (17, 18) and was active in poly(U)-directed phenylalanine incorporation in combination with the K60S subunits. The loss in activity of the N60S subunit related directly to the selective loss of a single ribosomal protein, L5. In addition it appears that a small fraction of at least two other proteins of the large subunit (L2 and L3) may be removed during NH4Cl-dissociation. The 
